The pattern of distribution of cytokeratin (CK) intermediate filaments can be used to characterize subsets of epithelial tissues. The purpose of the study was to examine the CK expression of feline pinna skin. Six normal feline pinnae were routinely processed in formalin. An immunohistochemical method was used to stain the pinnae with 8 commercially available anti-human CK antibodies (Abs) (PKK1, CAM 5.2, UCD 10/ 11, 35BH11, 34BE12, AE1/AE3, MAK 6, A575) and an anti-human laminin Ab. All the CK Abs selectively localized to epithelium except 35BH11, which did not react with any part of the pinna. Some epithelial subsets were identified by their unique staining pattern with CK Abs. Basal cells but not suprabasal cells of the epidermis stained with PKK1; basal but not lumenal cells of apocrine glands stained with 34BE12. Apocrine glands stained with all CK Abs except 35BH11. All epithelial structures were stained with A575. Basal lamina of epithelial and mesenchymal tissues was clearly identified by the anti-laminin Ab. The results indicate that in cat pinna some commercially available anti-human CK Abs selectively stain subsets of epithelium and adnexa. PKK1, 34BE12, and A575 were the CK Abs with the most consistent staining patterns, the other Abs stained more variably from pinna to pinna. The pattern of epithelial and adnexal staining was similar but not identical to that reported for humans.
Epithelial tissues can be characterized by their exman CK MAbs may be used in animal epithelia to pression of specific sets of cytokeratin intermediate detect proteins that are the equivalent of human CKs. filaments (CKs). In mammals, the large family of CKs is divided into type I (acidic) and type II (neutral to basic) groups. The major CKs are expressed as specific type I-type II pairs, with the particular combination expressed by different epithelia dependent on the cell type, cellular growth environment, stage of development and differentiation, and pathologic changes. 3, 9 The purpose of this study was to determine, using an immunohistochemical method and a panel of 8 commercially available anti-CK Abs, the CK staining pattern of normal feline skin. We intended this study as a preliminary step to the examination of any changes of CK expression in superficial squamous cell carci-Cytokeratin expression of human epithelia has been studied in detail, and at least 20 different CKs, defined by molecular weight and isoelectric point, have been described 9, 10 In situ hybridization probes with mRNA and immunohistochemical localization of antibodies (Abs) raised against individual CKs have demonstrated that expression of CKs is different in different epithelial subsets. There may also be regional differences of CK expression in any 1 subset of epithelium. 1 There are no detailed descriptions of CK localization in epithelium of mammals other than humans, with the exception of the rabbit? Several reports, however, describe the use of monoclonal antibodies (MAbs) raised against human CKs to mark epithelia of normal and neoplastic tissues of domestic species. 2, 6, 7, 11, 14 These studies suggest that commercially available anti-hu-noma (SCC) in the cat. Because assessment of basement membrane is integral to histologic staging of SCC, we used a similar method to identify laminin, a major component of basement membrane.
Materials and methods
Tissues. Fresh pinnae were collected at necropsy from 6 cats. Necropsy was performed immediately postmortem. The tissues were fixed in 10% buffered formal saline for between 24 and 60 hr and were paraffin embedded by routine methods. Four micrometer thick sections were used for immunohistochemical staining.
Antibodies. Eight different commercially available antihuman CK Abs were used: rabbit origin polyclonal Ab A575 a and murine MAbs MAK 6, b PKK1, c CAM 5.2, d AE1/AE3, e UCD 10/11, f 34BE12, g and 34BH11. g Specific human cytokeratins recognized by these Abs are listed by molecular weight and number (as designated by Moll 8 ) in Table 1 . One polyclonal rabbit-derived anti-laminin Ab h was also used.
Immunohistochemistry. All tissues for CK were deparaffinized, washed twice in tris buffer (pH 7.6) at room temperature and digested with 0.1% trypsin i for 20 minutes at 37 C in tris buffer (pH 7.6) containing 0.1% calcium chloride. A range of protease digestion times was tried (10 min-l hr) at 37 C. Twenty minutes was chosen as the optimal duration for these specimens based on the best reexpression of masked antigens without nonspecific staining or morphologic alteration of the tissues.
Duplicate sections were immunostained for CK using a modified avidin-biotin-peroxidase complex method (ABC) as previously described by our laboratory 2 with the following changes: dilution of 35BH11 was 1:4000, PKK1 was 1:1000, A575 was 1:500 and of UCD 10/11 was 1:3,000. Optimal dilutions for each Ab were determined by evaluating the staining of known positive tissues with serial Ab dilutions and by selecting for the maximum contrast between positive and non-specific background staining. With the polyclonal Ab, the procedure was modified by using diluted normal goat serum (10%) as a blocking agent and by incubation for 30 minutes at room temperature with biotinylated goat and antirabbit k ab (1:500) substituted as a polyclonal link.
The horseradish peroxidase labeled avidin-biotin (LAB) detection system was used for laminin immunostaining of duplicate sections. Following washing in phosphate-buffered saline (PBS) (pH 7.2) deparaffinized sections were treated with protease digestion (0.4% Pronase K j in PBS, pH 7.2) for 30 min at 37 C. Blocking steps, primary incubations, and secondary incubations were the same as for the CK polyclonal Ab. The best dilution of laminin Ab was 1:400. Biotinylated goat anti-rabbit Ab i (1:500) was used as the linking agent. Streptavidin peroxidase antibody conjugate k (1:400) was substituted for avidin-biotin-peroxidase because of greater sensitivity.
Known positive tissues were used as controls on all procedures, and the substitution of normal rabbit serum for the polyclonal Ab and PBS for MAbs served as negative controls.
Evaluation. The 3 broad anatomic tissue groups defined for evaluation were the epidermis, adnexa, and stroma. The expression of CKs in the epidermis was further evaluated in 3 histologic layers: stratum corneum and stratum lucidum (SC/SL), stratum granulosum and stratum spinosum (SG/ SS), and stratum basale. The adnexa examined were the sebaceous glands, apocrine glands, inner and outer root sheath of the hair follicle in the infundibulum, isthmus and bulb, and the hair shaft.
Slides were examined microscopically, and the anatomic structures were scored for staining of primary Ab. A score of 0 was assigned for negative or inconsistent staining of the Ab. A score of 1 was assigned for predominantly positive staining.
The scores were summed and tabulated (Tables 2, 3) . A score of 6 indicated that the particular tissue stained positively in all 6 cats. A score of 5 indicated that the Ab failed to stain the tissue in 1 cat, etc.
Results
Epithelial structures were selectively decorated by all the anti-CK Abs with the exception of 35BH11, which failed to stain in epithelial or stromal tissue and was therefore excluded from the results described.
Stratum basale was stained by A575 ( Fig. 1 ), PKK1 (Fig. 2) , and 34BE12 ( Fig. 3 ) but not the other Abs. Suprabasal cells of the epidermis were stained variably with A575, MAK 6, 34BE12, and AE1/AE3 but did not react with the remaining 3 MAbs.
Sebaceous glands were stained by A575 in all specimens but were not stained by MAK 6, CAM 5.2, AE1/ AE3, or UCD 10:11. Staining with PKK1 and 34BE12 was variable. Apocrine glands were the only structure that was decorated with all Abs in all sections examined. Most Abs stained both basal and lumenal cells with the exception of 34BE12, which exclusively stained the basal cells of apocrine glands.
Hair follicle infundibulum was marked similarly to stratum basale of the epidermis except that MAK 6 and AE1/AE3 variably stained the infundibulum. In all the specimens, the outer root sheath of the hair follicle in the isthmus was decorated by A575, PKK1, and 34BE12. However, staining in the bulb was variable among specimens. The inner root sheath showed either variable or negative reactivity to anti-CK Abs.
Although all the Abs reacted with at least 1 epithelial structure, each Ab stained a slightly different combination of anatomic locations, with the exception of CAM 5.2 ( Fig. 4 ) and UCD 10:11. These 2 Abs had almost identical staining specificities; they stained apocrine glands but not epidermis or sebaceous glands, and they variably stained parts of the hair follicle. No reactivity to anti-CK Abs was observed either in the hair shaft or in stromal elements of the dermis.
Laminin Ab was clearly localized in the basal lamina of the epidermis, epidermal adnexae, blood vessels, nerves, skeletal muscle, and adipose tissue ( Fig. 5 ). Particularly intense staining was observed around nerves. Staining was weaker around the bulb of hair follicles.
Discussion
Our study demonstrated that some commercially available anti-CK Abs and an anti-laminin Ab to human antigens may be used to identify and characterize that these Abs may be the most useful general markers of epithelium in the feline pinna. In our study, AE1/ AE3 was not a reliable marker of any normal epithelial structure except apocrine glands.
The CK staining pattern of cat pinna skin in this study had some similarities to that reported for human skin. In cats and fetal humans, 8 basal cells of the epidermis and the hair follicle were marked by PKK1, which recognizes CKs 8, 18, and 19. However, suprabasal keratinocytes were not marked by PKK1 in either cat or fetal human. In both species, apocrine cells but not stratified squamous epithelium were marked by CAM 5.2 and UCD 10:11, which both exclusively recognize CKs 8 and 18. These findings suggested that feline basal but not suprabasal keratinocytes express an antigen equivalent to human CK 19 but not 8 or 18, and that feline apocrine cells express all or a combination of the equivalent of human CKs 8, 18, and 19.
In humans 15 and in our cats, A575 stained all epidermal layers and skin adnexa, indicating that A575 recognizes a wider variety of CKs than that described by the manufacturer (predominantly CKs 3 and 6). However, although all epidermal layers in both cats and humans were recognized by 34BE12, only the basal cells of apocrine glands of cats were recognized. This MAb recognizes CKs 1, 10, and 11, accepted specific markers for suprabasal cells of keratinized epithelium in humans and rabbits. 5, 13 It also reacts with cytokeratin 5, which in humans is present in both basal and lumenal cells in mixed glandular structures and in all keratinocytes. 12 These findings suggest that 34BE12 may have identified the feline equivalent of CK 5 in feline apocrine and epidermal basal cells but that, unlike human apocrine glands, this CK is not expressed in lumenal cells of feline apocrine glands.
The failure of AE1/AE3 to stain basal epidermal cells has been previously reported in the dog, 4 but this staining pattern has not been previously reported for MAK 6. These MAbs react with the same CKs as A575, 34BE12, and PKK1, which all clearly marked feline basal epidermis. AE1/AE3 recognizes almost all epithelia in humans, 16 and from its CK specificity, MAK 6 would be expected to stain all layers of epidermis.
Strong evolutionary conservation of vertebrate CK expression has been reported. 11 Rabbits and humans share similar patterns of CK expression during epidermal differentiation. 5 Our hypothesis that the Abs used in this study were identifying antigens corresponding to CKs of human skin is supported by the similarities of epithelial-specific localization. However, without western immunoblotting, our data are circumstantial. Ideally, immunoblotting and development of monospecific anti-feline CK Abs are needed but were beyond the scope of this study.
Antigenic masking by formaldehyde fixation and subsequent processing may have accounted for immunostaining differences between reported human patterns and those observed in this study. Variable length of formalin fixation may also have accounted for specimen-to-specimen variability, although observations arguing against this point include consistent staining of apocrine glands and stratum basale by all Abs and the close similarity of staining patterns of CAM 5.2 and UCD 10/11. Immunostaining variability in the hair follicle may also be explained by differences in the hair growth cycle. Other factors influencing staining quality are overall freshness of the sample and cut of the section. Protease digestion of the deparaffinized sections was used to minimize the effect of antigenic masking. Although negative staining may indicate absence of an antigen, it does not definitively preclude the presence of an antigen. For example, the complete failure of staining with 35BH11 may be due to absence of CK 8 from the feline epidermis and adnexa, to very low level of expression of CK 8, or to different construction of CK 8 in the cat without exposure of the epitope detected by 35BH11. Speciesrelated differences of 35BH11 staining patterns have been reported. In canine tissues, the Ab only stains sweat gland ducts; 2 in horses, it stains suprabasal epidermal cells, 6 and in humans it is specific for simple epithelium and ductal structures but does not stain squamous epithelium. g The use of an immunohistochemical method of basal lamina detection provides more specific basal lamina delineation than do conventional methods of staining, such as periodic acid-Schiff and reticulin which may stain other structures. This specific staining should permit better evaluation of basal lamina in various disease states, including but not limited to neoplasia.
Anti-human CK Abs specifically recognized epithelial CKs in formalin-fixed paraffin-embedded feline pinna skin. The pattern of epithelial and adnexal staining resembled but was not identical to that reported for humans. In this study, A575, 34BE12, and PKK1 recognized the broadest range of anatomical structures in the largest number of cats. PKK1 consistently recognized epidermal basal cells, and 34BE12 specifically identified basal cells of apocrine glands. Basal lamina was clearly delineated in all tissues of the feline pinna by anti-human laminin Ab.
